P

GUIDE FOR SELECTING TYPES OF SPRINKLER IRRIGATION

Equipment and techmiques for the application of water by the sprinkler method
are so varied that it is impractical to give specific data in an irrigation
guide for this method of irrigation.

The following discussion is aimed at giving guidelines for the selection of
the type of equipment best suited and design requirements that the selected
equipment should meet.

In sprinkler irrigation, the water is sprayed into the air and allowed to fall
on the land surface in & uniform pattern at a rate approximately equal to or
less than the intake rate of the soil. This method of water application is
similar to rainfall.

If the system is properly designed and operated, efficiencies of 65 percent

to 75 percent can be obtained. Sprinkler losses are due to evaporation losses
in the air by the sprinkler spray, evaporation from the soil surface or moisture
intercepted on the leaves during irrigation, and non-uniform distribution due to
the sprinkler pattern. Wind distorts the pattern and frequently this results

in non-uniform application and efficiencies considerably lower than given above.

Intake rates under sprinkler irrigation do not conform to those for flood or
furrow. Tables 5.2 and 5.12 have been prepared as a guide for maximum applica-
tion rate and a sprinkler system that will apply water at a rate equal to or less
than shown in the tables will be satisfactory to use in applying irrigation water.

TYPES OF SPRINKLERS

Application of water to the land by sprinkler systems require some type of water
outlets that will distribute the water in a uniform pattern with controlled
droplet size. This is accomplished using variatioms of two basic types of outlet,
namely the spray nozzle and the impact sprinkler. By varying spray outlet shape,
air mixing, deflectors and operating pressure or varying the nozzle openings size
and shape, angle of application and operating pressure on an impact sprinkler

the application rate can be matched to that of the soil.

Impact Sprinklers. These sprinklers are the most common application method used

in sprinkler irrigation. They operate under a wide range of pressure (20 p.s.i.
to 120 p.s.i.) and can apply water in circles having wetted diameters ranging
from 20 feet to 400 feet. Using different nozzle size, shape and operating
pressure sprinklers can deliver from 0.5 gallon per minute to 600 gallons per
minute. Multiple nozzles and changes in nozzle delivery angle can be used to
change their performance. Impact sprinklers are used on all types of sprinkler
systems both stationary set and continuous move. Because of their wide range of
performance characteristics they have been adapted for use on soils with low
intake rates (0.20 inches per hour) up to high intake rates and on a wide
variety of crops.
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Sprayv Nozzles. Spray nozzles as the name implies spray a continuous pattern
of water droplets over a circular area. Their performance is govermed by the
design of the mixing chamber, outlet opening and deflector system. They
operate at low pressures and have small wetted diameters. Their main applica-
tion is on continuous move center pivot or lateral move systems. Sprays have
been placed to operate upright or downward, in multiples on extension booms
and on drop pipes. Major advantage of sprays is the low operating pressure

(5 p.s.i. to 40 p.s.i.) and the resulting low energy requirement. Major
disadvantage is the small application area of sprays and the high application
rate related to it, which limits their use to coarser textured soils having
higher intake rates or very light irrigations related to initial soil intake
rate and temporary surface storage. Another disadvantage is the small droplet
size which increases wind drift problems.

TYPES OF SYSTEMS

All irrigation systems use a series of one or more of the above types of
sprinklers to distribute the water. Water is conveyed to these sprinklers
through either stationary or movable pipelines and the operation of these
pipelines determines the type of system employed.

Hand-Moved Systems. The lateral line pipe and sprinklers are set at one
location and allowed to remain there until the desired irrigation is obtained.
They are then moved by hand from this position to another and the operation
repeated. Therefore, this is called a set-type system. Quick-coupled
aluminum pipe is the best for most portable laterals. This is generally the
cheapest type of system. However, considerable labor is required for moving
the pipe. Figure 5.1 shows the general layout and operation of typical set-
type distribution systems, one of which is the hand-move. It also shows the
water source in the center of the field, although it could be at another point
with the main line located through the center of the field. Systems are normally
designed to operate at pressures ranging from 20 p.s.i. to 60 p.s.i.
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Figure 5.1, Set-type irrigation system )
When a lateral 1ine reaches the end of the field, it is disassembled =and
either moved back to its original location or across the main line to the
original location of the other laieral. The lateral lines must be moved
to the starting location so that the area which was sprinkled first will
again be sprinkled first in the following cycle.

Generally, to keep the labor costs as low as practical, the design should

be such that the regquired irrigation is applied in either a 7- or 1l-hour
time of set to allow either 3 or 2 sets per day with an hour zllowed between
each setting for moving the pipe.

~Adventages and Limitations. Can be used on irregularly shaped fields and
rolling terrain; inconvenient for tall crops. Can use any nozzle from

low to high pressure and can meet any intake requirement. It is generally
the lowest cost type of sprinkler system with the highest labor require-
ment .

Side-Roll Sys

em. To decrease the amount and intensity of labor required,
the lateral lin

s mounted on.wheels, The pipe is the axle with the

€
L
ine

wheels usually sopaced 30 feet apart and the sprinklers midway beiween.
Wheels are availsble in different diameters with the largest wheels used
for the maximum clsarance.

The operation of The side-
i e

0ll laterel is similar to the hand-move system.
The lateral line 1

i
etween sets by rolling the wheels. The

n
8
<
o)
o B
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distznce hesween lz-erzl sets depends on the size of the sprinkiers,
Usually this distance will be between 60 to 80 fee The connection of
the lateral *o the main line is usuelly made with a lO to 15-foot section
of filexible rubber ncsz.

When <he side-r017 system was first aveilable, a larger lever with a

ratchet was used ic move the system from one set to the next. Today most
of the side-roll sysitems use air-cooled gasoiine engines located near the
center of the laterzl line.

Becau twosts somewhat, it is necessary to provide for vertical
gnment of uhe spr;nz;er. The self-zligner riser is a gooseneck device

lc
ith 2 counterweight tc keep the sprinkler vertical.

)

ci [ ()

The side-roll system has been modified by some manufacturers by supporting
the sprinkler laterzl zdbove the wheels of an "A" frame and using a drive
shaft to move =m instead of using ths pipe as an axle.

For a greater coversze width for a laieral set, side-roll systems have been
developed which use trailing sprinkler lines each containing three or {our
sprinklers. These sprinklers, in addition to the sprinkiers located on

the msin latersl, provide for set distances up to 300 feet. The field
operztion is the same &5 a2 hand-move or the conveniional side-roll

latersl system, exceDt the coverage distance per set is considerably
greater. The operaiion of this system is shown in Figure 5.2.

When the lateral resches the end of the field, it has to be moved back to
the starting point or to an adjacent field and the irailing lines must be
picked up and moved sepzrately. Provision can be made to transpori the
trailing lines on tne mein lateral line. These systems often have a main
lateral line supporied on tower assemblies to provide clearance for tall
crops.

Generslly, design should be same as for hend-move systems.

Advantages and Limitations: Regquires rectangular fields. Except when
mounted on tower assambWies, these systems not adapted to tall crops.

Can be used on any soil type suitable for sprinkler irrigation. Alignment
may be difficult on uncuiatlng topogravhy. A commonly used option in

operating these systems iIs to irrigate every cther set advancing down the
r'ield and irrigating the skipped sets on returning. This eliminates the
need for dismantling the system or a long move back to the starting point
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Figure 5.2, Operation of trailing-line system

Another irrigation system using lateral sets is the end-

tow or tractor-move system. The lateral line has couplers semipermanently
fastened together. The lateral line may be mounted on skid pans or small
wheels to be towed from one set to the next. The operation of a typical
end-tow lateral line is shown in Figure 5.3. The main line which supprlies
the water for the system is located in the center of the field. A turn
strip 100 to 200 feet wide is provided so the lateral line can be turned
as it is towed from one side of the field to the other. A typical system
might have 60-foot sets so the lateral will need to be shifted 30 feet as
it crosses the turn strip.

When the lateral reaches the last setting in the field, it will have o
be moved back to the starting position--the location of the first set.

To keep the sprinkler risers vertical during sprinkling and while the
system is being moved, stabilizers are used on the lateral.

As the lateral is towed across the ground, pive will wear, depending some-
whnat on the crop cover and soil texture. Sandy soils which have extremely
rough particles will cause the greatest wear. Tow-line couplers usually
provide for turning the pipe to distribute the wear around its circumfer-
ence.
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The turn strip may be grass, Or some harvestable crop so that this land
is not completely lost to production.

Generally design reguirements are same as hand-move systems.

Advantages and Limitatlons Rectangular fields desirable. Requires
100 feet to 200 feetl uurnways and narrow alleyways in irrigated row
crops. Adapted to zny soil type that is suitable for sprinkier irrigation.

| ﬂ First set .

Second set eyt e
Overlap { Third set |
S, I (R .
_Lateral 14ne = =
j\F\ l__-__________________________
/]

H

. l/" —————Turn strip .
——————— 11

i} ¢

_— —""\';/C;)"r-——':——— Water supply

U

AY

=

Figure 5,3, End-tow System Operation

Rotating Boom. This system consists of pipe and nozzle arms that rotate
about +the center or balance point located on a 4-wheel mounted turntable.
A tower and cable arrangement hold the boom in place. The boom rotates

by water pressure, using a jet action conirolled by various nozzle
arrangements, nozzle sizes, and variable water pressures. The booms are
provided in a choice of lengths providing coverage of about 1 to 4 acres
per setting. Application rates vary from about 0.4 to 0.8 inech per hour,
with the usual rate being approximate”y 0.5 inch per hour. The unit can
be pulled ahead to a new setiing by a iractior atitached to the boom carriage
by a cable that is sufficiently long so that the tractor operates on dry
ground. As the boom moves zhead, the fe eder Dipeline can be picked up and
placed on the t*aile" that supports the boo Settings shotld be such
that a triangular patiern results with adjac Hnt lanes.

Because of the large wetted diameter of coverage, there is some problem
with wind distortion of the pattern. The long arms help keep this distortion
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from becoming %oc severe. However, wind also affectis rotation speed of the
ng b X

booms. When the Toom arms are at right angles to the wind, rotation speed

tends to be slow. Under severe conditions, it may stop when it reaches a
position at rigzs angles to the wind. Since the water discharges from the

4

1%
nozzle at a unifcrm rate, any variation in rotation speed will upset the
sprinkler's distribution patiern.

Advantages and Limitations: Rotating boom systems can be used on irregu-
larly shaped fislds. Wind affects rotation and water distribution. Re-
quires alleyways for row crops. Application rate is too high for some
soils.

Volume Gun. The volume gun sprinkler consists of a single high capacity
nozzle mounted cn a2 2- to 4-wheel trailer. The pump and power unit may
also be mounted cn the equipment, or it may be permanently placed at a
central location. In some types, a tracior is used as the power unit.
Volume gun sprin¥iers are usually larger than 3/4-inch diameter and recom-
mended operating pressures usually exceed 90 pounds per square inch. This
pressure will increase the horsepower reguirement for the disitribution
system. When the pressure of the volume gun is below manufaciurer's
recommendations, wster distribution will be uneven.

The wetted diameters of volume guns are extremely large. Because of the
large wetted diameter, it is difficult to obtaln proper overlap of the
sprinkler patterns. Wind distortion of the pattern is also a factor in
trying to accomplish good field-wide water distribution. The distance
between the lanes should follow the recommendations in Table 5.20 on Pzage
5~36. The sets should be such that a triangular pattern will result.
This gives the besi water distribution pattern.

Advantages and Limitations: Volume guns can be used on irregularly shaped
fields. Requires nigh operating pressures. The wind affects water
distribution. Reguires alleyways for row crops. Have high application
rates and, therefore, suited only to relatively high intake rate soils.
Application rates generally are in excess of 0.65-inch per hour.

Continuous Move Sprinklers. Both the boom and the volume gun can be
operated as continuous move sprinklers. With a flexible supply hose or
open diteh to convey water and either a cable with a power winch or a

slow moving tractor powered unit, the sprinkler can operate as it moves
along a lane. The speed of sprinkler iravel can be varied and is adjusted
according to the zmount of water to be applied, While the water discharge
from the sprinkler nozzle is at a constant rate, the amount of irrigation
water applied can be varied by the travel speed. Slow sprinkier movement
means a relatively large amount of water will be applied to the soll. The
speed can also be adjusted so that moving the hose and spriniier unit

from one lazne to the next will fit other farm operations.

The flexible hcse is available from 2-inch to 5-inch siges. There is

considerable friciion loss in the hose which must be overcome by pump

pressure. Thls =zdditional pressure requires additional horsepower and
creases the operziing cost of the system.
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Flexible hose ncrmel’7 requires a hose reel when moving between sets
for speed and rsducszd wear. In addition to having sufficient strength
t0 withsiand hizx oterziing pressures, the hose must be strong enough
10 be towed when full of water. Thus, a& special iype of hose is

needed for the continuous move sprinklers, Wear and abrasion are also
important considsraticns in the use of the hose. Since the hose is

the purchase of this type system. If
water is supplie teh, seepage losses may be high and field
slopes must be such that these ditches are practical to use.

Continuous Move Zoocm. Figure 5.4 shows the operation of a boom sprinkler
with a continuous mcve. A winch is anchored at one end of the field

and an air-cooled gasoline engine winds up the cable which tows the
sprinkler at a continuous rate along the lane through the field. The
flexible hose suppliss water to the sprinkier from the main line in the
center of the fizld. TFor a lane length of 1,320 feet, about 600 feet

of hose is required.

The distance between the lanes should be azpproximately equal to the
diameter of the toom plus 70 percent of the difference between the
wetted dizmeter and <the boom diameter. Noie, however, that the overlap
problem between adjacent sprinkier patierns in the lane is no longer
present. Thus, the total field distribution with the continuous move
sprinkler is consideradly better than with a set-iype operation. The
lane where the sprinkier and hose operate should be smooth and well
meintzined. The boom sprinkler, as it moves through the field, should
not tilt one way or the other because of an uneven lane, This will
cause an uneven water distribution pattern.

Design regquirementis are the same as shown for rotating boom.

Advantages and Limitziions: Same as for rotating boom except reciangular
fields are desiravle znd has high friction loss in flexible hose.

5-8

IG Notice ND-~1, September 1977



_—-Starting point _—Valve

First setting

e
/

A}

O

Cable /&
\/Winch / - | —~— -

b s

volume_gun

Pas -+
Flexible hose deStarting point //
R Second setting ;,
Water source I —

Starting point
cﬂfﬁ:;.______.___ __.__—____.__.-—-(f ________ S

Third setting {

Main line—"

J Starting pointx3
—_—— e e e

Fourth setting

Figure 5.4; Continuous move boom or volume gun

Continuous Move Volume Gun. The same type continuous move operation is
used with the volume gun as was explained for the boom.

The power to move the sprinkler may be supplied by self-propelled equip-
ment or by a motor mounted on the sprinkler trailer which winds a cable on
a drum. The cable is then anchored at the end of the field. Another
method has the motor and winch anchored at the end of the field.

On some types of volume gun sprinklers using the continuous move principle,
a sprinkler mechanism purposely does not water the lane area directly in
front of its travel to keep a firm track for the sprinkler cart or trailer.

As with the continuous move boom sprinkler, the overlap pattern beiween
individual sets along the lane is eliminated, meaning the distribution
patiern is better with a continuous move sprinkler than with the same
sprinkler set ai selected intervals,

Advantages and Limitations: Same as for volume gun except rectangular
fields are desirabvle and high friction loss in flexible hose.
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Center-Pivot, Seif-Propelled Sprinkler. This system consisis of a
single lateral mcunzed on wheels spaced on approximately 100 to 180-
foot centers and supported by towers or bridge truss. ZEach of the
towers has a device to provide power to the wheels. The ftype of

power varies wiin the manufacturer. It can be provided by the water
being pumped through the system, by hydraulic oil, by an electric motor
on each tower, bty compressed air, or by revolving jets.

The operation of ithe center-pivot, self-propelled sprinkler is shown
in Figure 5.5. An anchored pivot point is located at the center of
the field around which the entire system pivots.

The speed of rotziion of the center-pivot system may vary from 12 hours
to 120 hours per revolution. With the center-pivot, self-propelled
system, the raie of water application is the same regardless of the
speed of rotaticn. However, the faster the rotation speed, the less
total water appiled per rotation. An average rotation speed is approxi-
mately 60 to 72 hours per revolution. An average water application is
approximately 1.0 to 1.5 inches.

The speed of the center-pivoi, self-propelled sprinkler is usually con-
trolled by the end tower, called the master tower. A system of align-

-POLeN

ment controls keep the other towers in line with the end tower.

With the center-pivot, self-propelled system, a circular or square field
is required. On a guarter section, 160 acres, approximately 130 acres
are under irrigztion. About 7 acres in each corner of the field will
not be irrigated.

///’/i:; ———— \\\\\f\\
~ Wheel tracks N \\
7 RN NN

Figure 5.5 4 center-pivot (Gun nozzle used in corners only)
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To reduce the acreage not irrigated in the field cornmers most systems add a
large volume sprinkler to the end of the system which is turned on at the
corners. Another development has been the corner system which is a fold back
tower section that automatically turns on and swings out at corners nearly
eliminating non-irrigated acres. The corner systems all reduce the water

to the rest of the system wnen they are turned on and tend to cause uneven
irrigation.

Center pivot systems are fitted with either impact sprinklers or spray
nozzles which are operated at pressures ranging from 30 p.s.i. to 75 p.s.i.
Various configurations and options are available.

£
P

5
a

Advantages and Limitations: Requires circular or square fields with no
obstructions. Application rate is high at outer end of line resulting in
high application rate, especially using sprinklers with small wetted diameter
which can cause excess runoif on low intake soils or steep topography. With
repeated irrigations, there is a tendency for tower wheels to cut deep ruts
in some soils. Center pivot systems require a minimum of operating labor.
They can be used on all but the lowest intake soils and on sloping and
irregular topography. Systems have high clearance suitable for tall crops.

Lateral Move, Self-Propelled Sprinkler: These systems are similar to center
pivots but move laterally instead of circling. They apply water at equal rate
along the system. Water must either be pumped from a parallel ditch or through
a flexible drag hose. An onboard power source is required for movement.

Solid Set: With this system the main line and lateral lines remain in place
during the growing season. In some systems the lines are buried with all
sprinklers in permanent locations while others are laid out oun the surface
after planting and remain in place until harvest. Some systems are designed

so all laterals operate fully at ome time while others operate groups of
laterals together sequencing the water over the field. See figure 5.6.

Another system sequences sprinklers on the lateral lines in order automatically
until complete coverage is obtained. See figure 5.7.
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Figure 5.6, A solid set system

Figure 5,7, Sequencing solid set
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DESIZN CONSIDERATIONS FOR A SPRINKLER SYSTEM
USING LATERAL LINES OPERATING IN SETS

Lol

Sprinkler systems operating in sets require the moving of the laterals
at specific intervals of time. In order to fit in with farm schedules,
it is generally recommended that the time of sets be planned for 7-,

11-, or 23-hour periods of time which allows 1 hour per set for moving
the lines and servicing the eguipment.

The tables in this section have been prepared io provide guidance and
these with the fcllowing criteria will provide data needed in recommend-
ing use of these systems.

(a) The zllowable variation in lateral line pressure should not
excead + 10 percent of the design pressure.

(b) For sslsction of most econcmical size, the loss in the main
line should be 20 to 30 percent of the pressure ai the pump.

(c) Sprir%7°” spacing pattern on the lateral line and lat er line
spacing should be determined by wetted diameter of %]
sprin¥izrs and the local wind conditions.

(d) Sprinkisr nozzle size and pressure shall be selected to
apply the required application rate at a recommended operating
pressure.

The following exzmple is not intended to show the complete design pro-
cedure but only z2s a guide in general determination of sultaolll y‘of a
specific system =znd approximate size requirements to guide the user in
equipment selection. For more specific design criteria, refer to
Chzpter 11 of Seciion 15 of the National Engineering Handbook, Sprinkler
Irrigation.

SPRINKIZR IRRIGATION USING LATERALS OPERATING IN SETS
Problem: Select e sprinkler system to meet specific design requirements.

Given: Field 22 of NE%: or dimensions of 1320' x 2640'.
Soil: Zmrick on 2%.
Crop: Corn.
Well located at NW corner of SE: of NEz. Well, pump and
motor designed to supply 700 g.p.m. @ 63# pressure ai pump.
Operator wants ll-hour settings (two setiings per day). Prefer
40" x 60" spacing.

y +
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Solution:

(a)

(p)

(e)

Determine z>lowable application rate:

Emrick is in Irrigation Group IVA, Chapter 2. Irrigetion Group
IVA for ccr— on 2% slope shows available water holding capacity
for a 4.0' »cot zone as 9.2", thus 40% or 3.5" should be con-
sidered the net irrigation in planning the sysitem. Therefore,
consider z range from 3" to 4%. The meximum application rate
for Irrigation Group IVA soils on 2% slope is 0.90"/hr. for
2.0" and 0.20"/hr. for 4.0" net application (Table 5.2, Page
5-17).

Determine sprinkler application efficiency:

Sprinkler zoplication efficiency from Table 5.1 on Page 5-16
shows 70% fcr 3" or more net application when using an
application rate of 0.3" to 0.5" per hour.

Determine number of laterals to use:

Each latersl line would be 1,280' iong to fit the field.

Preferred sorinkler nozzle spacing is 40' as given. Then
7 ,320' @ 40" spacing would require 1,320 + 40 = 33 nozzles
per line. To distribute the 700 g.p.m. well capacitiy, the
nezzles would have a capacity of:

%%? = 21.2 g.p.m. if only one lateral is used

700 _ | 6 £ 13 s

5337 10.6 g.p.m. for two-line operations, and

790 = 7,1 g.p.m. for three-line operations.

3(33) )
From Table 5.3, Page 5-18, using the desired 40' x 60' spacing,
the 21.2 g.p.m. would give an applicaiion rate of 0.85"/nr.,
10.6 g.p.m. would give application rate of 0.42"/hr., and

7.1 g.p.m. would give rate of 0.28"/hr. For the desired 1ll-hour
settings for operation of the system, the gross applications
would then be 0.85 x 11 = 9.35" for one line, which is nwuch

100 high, 0.42 x 11 = 4.62" for two lines in operation or

0.28 x 11 = 3.08" for three lines in operation. From Table

5.4, Page 5-19, using 70% efficiency, the net irrigation would
e 3.2" or 2.2" respectively. A 3.2" net application in 11

hours is selected to most nearly meet
of 3.5". Therefore, the two line operation is ¢

Determine nczzle sizes and lateral spacing:

Assume tha? the size of the mein selected will result in
approximately 25% head loss in conveying water to the far
end of the field. A head loss of 25% would be .25 x 65 D.s.i.
16 p.s.i. Then pressures at entrance to the laterals would
5-14
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(e)

(£)

(g)

be 65 - 1£ = 49 at distant lateral and 65 p.s.i. at laterzl
adjacent %c pump. The average of these is (49 + 65) + 2 = 57

p.s.1. &% the entrance to the laierals.

If properly designed, the pressure at the laterzl entrance
should nct be more than 10% above the average sprinkler
pressure. Therefore, the average sprinkler pressure would

be 57 p.y.i. less 10% or 52 p.s.i. Using a 52 p.s.i. pressure
and a nozzle discharge of approximately 10.6 g.p.m. with

Table 5.6, Page 5-20, a nozzle diameter of 7/32" is selected

as the best choice with a discharge of 10.1 g.p.m. and a wetted
diameter beiween 110' and 120'. Referring to Table 5.7, Page
5-21, the desired 40' x 60' spacing may be used.

Determininz lateral size:

The lateral lines will be 1,280' long with nozzles spaced 40'
apart, for z total of 33 nozzles. These 33 nozzles at 10.1
g.p.m. ezch will require a capacity of 333 g.p.m. to the
lateral. Allowable lateral line loss is 20% of the sprinkler
operating pressure, 52 x .20 = 10.4 p.s.i. line loss. The
allowable loss is converted to loss in feet per 100' by
multiplying by 2.3l and dividing by the lateral length in
multiples of 100, 10.4 x 2.31 + 12.8 = 1.88'. A further
correction for multiple outlets is applied using the factor
found in Table 5.10, Page 5-23, 1.88' = 0.36 = 5.21'. Comparing
this 5.21' allowable loss with the losses for 333 g.p.m. shown
in Table 5.9, Page 5-23, a selection of 5" diameter lateral

is made.

Determine size of main line:

With a two lateral operation, one lateral can start at the

pump and one at the far end of the field and move in opposite
directions. With this operation, the meximum loss is when one-
half of the water is carried to the far end of the field or a
distance of 1,280' (40' from fence line). A 5" main carrying
333 g.p.m. has friction loss of 2.36' per 100', using Table 5.9,
Page 5-23. For 1,280' this is a head loss of 12.8 x 2.36' =
30.21'. Then 30.21'" + 2.31 = 13.08 p.s.i. head loss for the

5" main. Allowable loss is 20% to 30% of pump pressure or

.20 x 65 p.s.i. to .30 x 65 p.s.i. or 13 p.s.i. to 20 p.s.i
Therefore, 3" size is most economical size for main

line.

Determine if system will meet crop needs:

With 333 g.p.m. per lateral and using two laterals, gives
666 g.p.m. = 6.66 x .223 = 1.48 ac. in./hr. Two ll-hour
settings = 22 hours per day. Then 1.48 x 22 = 32.6 ac. in./day.
Field is 80 acre
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Therefore, system supplies gross of
32.6 _
N 0.41" per day
0.41" gross @ 70% efficiency = 0.41 x 0.70 = 0.29"/day net
appliceticn. From Table 2,1, Page 2-3, design use rate for
corn, Arez II, and irrigation application of 3.0" to 3.5" is
0.23"/day. The system is adequate to meet consumptive use
needs.
(h) Determine time to cover field:
Two lines 1,320!' long with laterazl moves of 60' per move and
moved iwice a day will cover 60' x 2 x 2 = 240'/day. Total
distance tc cover 1is 2,640'. Therefore, time to cover field
is 2,640' 2 240 = 11 days.
TABLE 5.1
DESIGN FIELD EFFICIENCIES FOR SPRINKLER SYSTEMS
Systems Requiring Scheduled Moves
Net Irrigation Sprinkler Application Rate
Aoolication (Inches per Hour)
Ll <0.3 0.3 to 0.5 Over 0.5
<2.0 .55 .60 .65
2.0 to 2.9 .60 .65 .70
3.0 or over .65 .70 .75
Solid Set Systems
. s Sprinkler Application Rate
Nit %ﬁri§§g;°n (Inches per Hour)
ppLicat <0.3 0.3 to 0.5 Over 0.5
<1.0 .60 .65 .70
1.0 to 1.9 .65 .70 .75
2.0 or over .70 75 .80
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TABLE 5.2

FOR LATERAL LINES AND SYSTEMS OPERATING IN SET POSITIONS
MAXIMUM SPRINKLER APPLICATION RATES (IN/HR)
CROPS WITH COVER

For Bare Ground or Row Crops Use 2/3 of Maximum Value

NET APPLICATION
IRRIG. LAND |—
GROUP SLOPES 0.5" 1.0" 1.5" 2.0" 3.0" 4.0" 5.0"
(0.3)
114, Under 2% 2.00 .90 .50 .45 .35 .30 .25
1IB,
10 2-5 1.60 .60 .45 .40 .30 .25 .20
Over 5 1.50 .50 .40 .35 .20 .20 _— |
(0.5) | pnder 2% 2.00 | 1.50 .85 .85 .65 .55 .50 |
1114, _
IIIB, ~
— 2-5 2.00 1.00 .75 .70 .50 .45 .40
11D Over 5 1.80 .90 .70 .60 .40 .35 .30
(1.0)
IVA, IVB, | Under 2% 2.00 2.00 1.70 1.70 1.35 [1.20 1.10
VA, VB, - —
VIA,viB,|2-5 2.00 2.00 1.50 1.50 1.10 .95 .85
VIC - -—=
Over 5 2.00 2.00 1.40 1.40 .85 .75 .65
(1.5) | ppder 2% 2.00 |2.00 |2.00 |1.80 |1.65
VIIA, —
VIIB 2-5 2.00 |1.80 |1.60 |1.45 | 1.30
Over 5 2.00 1.60 1.40 1.20 1.00
(2.0) | ynder 2% 2.00 2.00 2.00 2.00
VIIIA,
VIIIB | 2-5 2.00 2.00 1.90 1.85
over 5 2.00 |2.00 |1.45 |1.35
(3.0%4.0)
IX, X 2.00 considered as highest practicable rate
for design or operation of system.
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TABLE 5.3
TABLE OF PRECIPITATION - INCHES PER HOUR

Spacing Gallons per minute from each sprinkler

(feet) 2 3 | 4 5 6 7 8 9 |10 [11 [12 [ 15 [ 18 | 20 | 25

30x30 .21 .32 .43

30x40 .16 .24 .32 40 48 .52 .64 .72

30x50 .25 32 38 A4 .51 57 64 | .70 .76

30x60 .27 32 37 W43 .48 53 1.58 .64 .80

40x40 .18 .24 30 36 .42 48 54

40x50 24 .29 .33 .38 43 48 | .53 58

40x60 20 24 28 32 36 40 | .44 .48 .60 .72 .80

——————————————————————————————————————————————————————————————— r_-———-—_},_-—_—— it e e e Rl L mp—

50x50 23 27 31 .35

50x60 19 22 .26 .29 32 1.35 .39 .48 .58 .64 |

50x70 19 22 .25 28 1.30 .33 .41 .49 .55 .69

60x60 21 24 .27 1.29 .32 .40 .48 .53 .67

60x70 .20 .23 1.25 .27 .34 .41 .46 .57

60x80 .20 } .22 .24 .30 .36 .40 .50
{ ~~
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TABLE 5.4
GROSS IRRIGATION APPLICATION
| Het Gross Irrigetion Depth for
Trrig. Desirm Efficicncy
Depth || &0 5 0 65 4 55
i 1.6 2.00 2.13 2.28 2.46 2.67 2.91
2.8 2.25 2.ho 2.57 2.77 3.00 3.27
-0 |1 2.50 | 2,66 1 2.86_| _3.06_|_3.33_|_3.64_
2.2 2.75 2.93 3.1k 3.39 | 3.67 .00
2. 3.00 3.20 3.43 3.70 .00 h.37
~2.6_ 11 3.25_| 3.46_ _?,.__71~ o) b b33 o b3l
2.8 3.50 3.73 +.00 k.32 4,07 5.09
3.0 3.75 4,00 L,28 .63 5.00 5.h5
3.2 ) b0 | k.26 | hos7 | h,93 | 5.33_|_5.82_
3.4 4,25 h.53 L.86 5.2L 5.67 6.18
| 3.6 b, 50 L.79 5.1k 5.55 6.00 6.55
~3:8_ 0 hT5_ | 5.06_|_5.43_| _5.86_!_6.33_|_6.91_
k.0 5.00 5:33 | 5.TL 6.17 6.67 T.28
k.2 5.25 5.60 6.00 6. 47 7.00 . 6k
~bd 105,050 1 5.86_1 _6.28_| _6.78_| _7.33. |_8.00_
b,6 5.75 6.12 6.57 | 7.09 7.67 | 8.36
4.8 6.00 6.39 6.86 T.40 8.00 6.73
020 |1 6.25_ | 6.65_ 1 7.0k § 7.71_] _8.33_{_9.30 _|
5.2 6.50 6.92 T.43 8.02 8.67 9.h6
5.k 6.75 7.18 T.TL 8.33 9.00 9.82
5.6 7.00 T.45 8.00 8.63 9.33 | 10.18

~
TABLE 5.5
SPRINKLER APPLICATION RATE
Appl. [ Application
Rate Per Iateral Set
In./Hr. T AT, 1T, 23T,
.10 1.26 1.98 b, 1l
.20 1.ho 2.0 h,60
~+22 _ W L.s5h_ — 2Mh2 _{_ 5,06
|~ 50 1.69 2,60 5.52
.26 1.82 2.86 5.98
—28 || - L.96 — 3:08_ _| _ 6.0
.30 2.10 3.30 6.90
.32 2.24 3.52 7.36
Gl - 2.38 3.7 | 7,82
.36 2.52 3.96 8.28
.38 2.66 4,18 8.7h
—ho 2.8 hoho | _9.20
g2 2.94 h,62 9.66
il 3.08 L.8L 10.12
b6 .22 —. 5406, - = _
A8 3.36 5,28 -
«50 3.50 5.50 -
.._°5_2. — . 3:61"_ — 5.:72.. — e — -
«5h 3.78 5.94 -
.56 3.92 6.16 -
—28 i _ho6_ ) _6,38_ _|_ - _
N I, 20 b, 60 -
.62 I, 3k 6.82 -
Ah b ug - .0k -
.66 L, 62 7.26 -
.68 h,76 7.48 -
— 0 | - k.8 ~ LT - = .
oT5 2.25 8.25 -
80 5.60 8.8 -
-




TABLE 5.6

NOZZLE DISCHARGE, GPM AND

AVERAGE WETTED DIAMETER 1/
FOR SPRINKLER NOZZLES

Nozzle
Diameter Pressure at Nozzle - psi
(Inches) [45 50 55 60, 1 65 [ 70 75 80 85 90
A — e
1/16 | 764 -T80| .85 .88
5/64 1.2 1.2 | 1.3 | 1.3
i
[3/32 1.7 1.8 | _1.9 rZ-0 2.1 2.1 2.2 2.3
L 1 e ’
[7/64 2.3 | 2.4 | 2.5 2.6 ] 2.7 | 2.8 | 2,943
r e -
1/8 3.0 | 3.1 ] 3.3 |34 | 36 | 3.7 | 3.9 | 4.0 | —bo']
3 L —
/66 s T a0 | 42 | 43| 4.5 |47 T8 | 5.0
' X 4.0 ; . .
e /
5/32 4.7 | 5.0 | 5<27"| 5.4 5.7 5.9 | 62 6.3
| /64 5.7 ”/o 6.3 |66t 63 | 7.1 | 7.3 | e 110?
11 . 6- . 6. . .
/ // —
3/16 6.8+ 7.2 | 7.5 | 7.8 | 8.2—778.5 | 8.8 | 9.1 ,@!
I,/ // — //
E13/64 8.1 | 8.5 8.9 |9.2 9.5 9.6—710.2 | 10.5 ]
17/32 9.4 9.9 1/0.2 o7 | 11.0 | 11.5 /12,0/,/12.4
’l
1/4 12,2 112.9 | 13.6 114.2 +14.8 [15.4 [16.0 136.5 | L-—]
9/32 15.5 liszz ] 17.2 {18.0 8 [19.5 |20.3 |20.9-|— |
I ey //:LB’ | /J/
5/18 18.9 |20.0 (2170 122.0 | 23.0_|(23+9[24.8 [25.7 | —
11/32 22.5 123.8 |25.076.0 | 26.9 [28.1 12977 | 30.4 }L,s—/32.7
— — ]
3/8 2670 | 27.5 |29.1 |30.6 |.3270 |33.3 34,5-735.7 |37.0 | 38.3
—
‘ 5 6. 1589 4377
13/32 32.2 {3473 136.5 | 38.1 8.9 [40.3 1.1/.3 : 44.6
oo .2 | ]
p/16 38.6 | 40.4—142.2 | 43.9 |45.1 146.8 | 48.4 |50.0 | SL5—
' | o [ | 2
15/32 E 148.0 .0 |51.4 |53.3 | 55v1 | 56.9 | 58.5
fsof — _
1/2 Ll—g—gj,,&r.’s 59.6 | 61.6 }63.5 | 653
=

l/ Approximate diameter of coverage. For sprinklers with more than one
nozzle, wetted diameter is that of the larger nozzle.
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TABLE 5.7
MAXIMUM SPACING FOR SPRINKLERS 1/

Sprinkler Spacing

Wetted Diameters Wind t{o 10 m.p.h. Wind over 10 m.p.h.
for Nozzle 2/ S1 x Sp 3/ S, x 8, 3/
60 30 x 40 20 x 30
80 30 x 50 30 x 40
100 40 x 60 | 30 x 50.
120 50 x 60 40 x 60
1/ Spacing is beased on using 40% of the wetled diameter of the sprinkler

nozzle betwezn sprinklers and 60% between laterals for average wind
conditions of under 10 m.p.h. The spacing for winds averaging over
10 m.p.h. is based on a 30% of wetted diameter of the sprinkler
nozzle between sprinklers and 50% between laterals.

The approxizzte diameter of sprinkler nozzle coverage at the selected
operating pressure.

S1 refers to sprinkler spacing along the lateral line. Sy refers to
lateral spacing along the main line.

et
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TABLE 5.8
PERFORMANCE DATA OF TYPICAL SPRIRKLERS

R 14 V¥ B 170 G e
Nozzle Size Nozzle Size o
1/16" I 5/64" | 3/32" 7/64" 1 7/64" 1/8" 9/64"
Dia. GPM Dia. GPM |Dia. GPM Dia. GPM {{Dia. GPM Dia. GPM Dia. GPM
45 62 .76 66 1.2 71 1.7 75 2.3 71 2.3 74 3.0 77 3.8
50 63 .80 67 1.2 72 1.8 76 2.4 72 2.4 76 3.1 78 4.C
-55 64 .85 68 1.3 73 1.9 77 2.6 73 2.5 77 3.3 79 4.2
60 65 .88 69 1.3 74 2.0 77 2.7 74 2.6 78 3.4 80 4.3
65 —_ - - - —-— - - 75 2.7 79 3.6 81 4.5
70 - - — - — - -= 76 2.8 80 3.7 82 4.7
RB 20 B3 180 GE
Yozzle Size Nozzle Size -
9/64" 5/32" 11/64" | 5/32" 11/646" 3/16" 13/64"
Dia GPM Dia. M |bia. GPM |IDia GPM Dia. GPM Dia. GPM Dia. GPM
45 80 3.8 81 82 5.6 - -= - - - - - -
50 g1 4.0 82 83 5.9 98%* 5.0 100% 6.0 |106% 7.2 {107%* 8.5
55 81 4.2 82 83 6.3(1100 5.2 102 6.3 [108%* 7.5 1108% 8.9
60 81 4.4 82 83" 6.5]1101 5.4 1103 6.6 |109 7.8 110+ 9.2
65 81 4.6 82 — - 102 5.7 {104 6.8 |110 8.2 {112 9.5
70 81 4.8 82 - - 103 5.9 106 7.1 1111 8.5 {114 9.8
75 - - -— - - 104 6.2 |108 7.3 112 8.8 1116 10.2
80 - - - — —— 105 .6.3 1110 7.6 1113 9.1 1118 10.5°
— B 14070 W RB 70 EW
[ Nozzle Size Nozzle Size
B 11/64" ] 3/16" ! 13/64" 7/32" i 1/4" 9/32" 5/16"
Dia. GPM Dia. GPM ! Dia. GPM|iDia. GPM IDia. GPM |Dia. GPM |Dbia GPM
106* 6.0 109% 7.2 1113%  8.5(}1125 9.9 1134 12.9 |138*% 16.3 |140% 20.0
107*% 6.3 110%* 7.5 115% 8.91]127 10.4 136 13.6 | 141 17.2 [144*% 21.0
108 6.6 111 7.8 (116 9.211129 10.9 [139 14.2 |144 18.0 {148 22.0
109 6.8 112 8.2 1117 9.511131 11.4 |142 14.8 (147 18.8 |152 23.0
110 7.1 113 8.5 ‘118 9.81{134 11.8 |145 15.4 |150 19.5 1155 23.9
111 7.3 114 8.8 1119 10.2 11137 12.2 1148 16.0 1153 20.3 1158 24.8
RB 80 EW-TINT
Nozzle Size
-
@ |11732" | 378" | 137327 7/16" 15/32" 1/2" 17/32"
Dia. GPM lDia. GPM fDia. GPM |Dia. GPM |Dia. GPM Dia GPM Dia. GPM
162 j28.1 166 33.3 172 38.9 |178% 45.1 {183*% 51.4 [189*% 57.5 [196% 63.5
164 29.2 169 34.5 1175 40.3 1181 46.8 (186 53.3 {192 59.6 {1%9% 5.8
167 130.4 172 35.7 1178 41.8 |184 48.4 1189 55.1 {195 61.6 (202 68.1
170 (31.5 175 37.0 (181 43.2 1187 50.0 {182 56.9 198 63.5 1205 70.3
173 §32.7 178 38.3 1184 44,6 1190 51.5 195 58.5 201 65.3 208 72.4
175 |33.9 180 39.5 1186 46.0 (192 53.0 {197 60.0 {203 67.1 {210 74.4

Not Recoamended
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TABLE 5

.9

FRICTION LOSS IN FEET PER 100 FEET IN LATERAL LINES OF
PORTABLE ALUMINUM PIPE WITH COUPLINGS

Based on Scobey's formula and 30-foot pipe 1engths)l/

Flow 2-inch—2-/ j—inc’r:y h-inchg/ S-inc'.z/ 6-inc;':g/
(gpm) Ko = .34 K; = .23 Kg= .32 Kg = .32 Kg = .32
100 25.4 3.20 0.7:8 0.244 0.099
120 4 54 1.04 .339 . 140
140 6.09 1.40 Jhsy .188
160 7.85 1.8¢C .550 .242
180 9.82 2.26 733 .302-
200 i2.0 2.76 .896 .370
220 4.4 3.30 1.07 .443
zho 16.9 3.60 1.26 .522
260 19.7 4 54 1.47 .608
280 22.8 5.22 1.70 .700
300 25.9 £.96 1.93 .798
320 29.3 €.7% 2.18 .904
340 32.8 7.56 2.45 1.02
360 6.6 5.40 2.74 1.13
380 40.6 9.36 3.03 1.26
4300 4y 7 10.3 3.34 1.38
520 1.3 3.66 1.51
340 12.3 4.00 1.66
460 13.4 4.35 1.80
480 4.6 h.72 1.95
500 15.8 5.10 2.12
550 18.9 6.12 2.52
600 22.2 7.22 2.98
650 25.9 8.40 3.46
700 29.8 g.68 3.99
750 33.8 11.0 4 su
800 12.5 5.15
850 14.0 =.78
900 15.6 &.hk

_1_/ For 20-foot pipe lengths, increase values in the table by 7.0

percent.

2/ Outside diameter.

TABLE 5

.10

For B40-foot lengths, decrease values by 3.C%.

Correction Factor for Multiple Outle:ts

Outlets (Number) Value of F Outlets (Number)| Value of F
1 1.009 16
2 .634 17 °:§Z§
3 .528 18 .373
4 .48C 19 .372
5 .451 20 .370
6 433 71 7369
7 .419 22 .368
8 .410 23 . 367
9 .402 24 .366
10 .396 3 25 . 365
11 .392 26 364
12 . 388 27 364
13 . 384
Z 381 %3 fggg
15 .379 30 .362
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ZSIGN CONSIDERATIONS FOR CONTINUOUS
MOVE SPRINKLERS

General

Continuous move sprinklers vary in characteristics and design from
intermittent move sprinklers. Different principles are involved in
regard to application rates, total application per irrigation, pattern
uniformity, etc. and in the design hydrasulics involved.

Several types of srrinklers are in the continuous move category. These
are: continuous move volume gun, continuous move boom, continuous

move lateral (rectangular pattern) and center pivot. Following are
some guldelines for use in system design and performance checks.

Two items of mejor concern in the design of these systems are: (1) The
system must meet the water requirements of the crop during the pezk

use season, and (2) the rate of application must be within the allowable
soil intake rate.

Maximum allowable spplication rates

Generally continuous move sprinklers apply smaller applications of weter
per irrigation and in shorter periods of time. As a result of these
light applications, the intake rate of the soil remeins in the initial
stage throughout the entire irrigation period. Averaging the rate

over this short period gives us a higher allowable intake rate than

for intermittent move sprinklers which apply larger amounts of water
over longer periods of time. Also, some allowance can be given for
storage of water on the ground surface to be infilirated into the soil
after the water application is completed. Maximum application rates

are given in Table 5.2, Page 5-17.

The actual application rate of a planned system is determined by dividing
the gross amount of watier applied per irrigation by the time it takes

to apply it. Feollowing is a brief discussion of procedures to use for
guidance in recommending suitability of these types of systems.

A, Center-Pivot Systems

Center-pivot systems are unique in that the rate of speed and also the
rate of water applicaiion must increase as the distance from the pivot
point increases. Therefore, there is no one application rate for these

systems.

oing characteristics of this iype system by deter-
on and application rate at a point toward the

We can checX the o %

cati

teral. If the system is properly designed, the
arly.

T

t

Ters
mining the gross eppli
outside end of the 1z%
application will bes ne uniform over the remainder of the lateral,
ate will decrease toward the pivot and therefore be
uter end application rate is within the soil intake

and the application r
satisfactory if the o
limitations.
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The following procedure can be followed to check the system:

(L

(2)

Determine if the svstem has the capacity to meet the design consumptive
use. The required gross system capacity can be computed by the
following formula:

Required gross system _ Design period consumptive use inches/day

capacity inches/day Efficiency in %

Where: Design period consumptive use of the crop for the proper climatic
area is selected from Figure 3.1 and Table 3.3 beginning on Page 3-22.
Efficiency is the recommended design efficiency from Table 5.11 on Page
5-27.

The actual gross capacity of the system in inches/day can be selected
from Table 5.14, Page 5-30, for the length of lateral and gallons per
minute capacity of the system. This actual capacity must equal the
required capacity computed above, if the system is to meet the design
consumptive use of the crop.

An alternate method for determining if the sprinkler system has the
capacity to meet the design consumptive use is with the monograph in
Table 5.13 on Page 5-29.

Determine whether the application rate is compatible with the allowable
application rates as listed in Table 5.12, Page 5-28.

The following is an example of this computation:
Given:

Lateral length - 1300’

Capacity of System = 800 g.p.m.

Nozzle pressure at end of line 60 p.s.i.

Nozzle sizes last 100' of line = 1/4" X 13/32"
Planned application approximately 1" per revolution
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Wetted Dig,= 165’

Pivot point Distance of

lateral movement
per application

equals wetted

diameter

F1GURE 3--PLAN oF P1voTAL SYSTEM

a. Determine required time per revolution from Table 5.14, Page 5-30,
to apply the required 1" = 68.6 hrs.

b. Determine velocity of outside end of line from

_ Outside Circumfersnce
Time per Rev.

1300 x 2 x 3.14

Velocity in fest/hour

68.6
= 119'/hour
c Determine diameter of =hrow of the 13/32" x 1/4" nozzle at the
60 p.s.i. pressure frcm Table 5.6, Page 5-20 = 165",
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.

d. Determine timsz of applii
10 move past cne polnt

ter of throw

Time of app_izeiion (hrs. )

e. Determine ti:e zverage application rate from the formula

Average appiession rat inches _ Gross application (in.)
€¢ app-.-c# “ Thour Time of application (hrs. )

1.0 inches
-—————————-= .72" per hour
1.39 hours p
f. Since the water application patiern 1s parabolic, i. e., water
is applied much faster as the sprinklier head passes direcily over
a point, the meximum rate is approximately 1.5 times the average
or
Maximum rate = 1.5 x 0.72 = 1.08" per hour.
This actual mzximum application rate must be less than the maximum
allowable application rate for the soil, slcope and depth of appli-
at

cation as given in Table 5.12, Page 5-28.

TABLE 5.11
ESTIMATED DESIGN EFFICIENCIES FOR
CONTINUOUS MOVE SPRINKLER IRRIGATION

Net Irrigation Application Efficiency

Inches in %

Less than 0.5 50

0.3 60

1.C 70
1.5 - 2.C 75 .
Greater than 2.0 70

5-27

IG Notice ND-4, May 1982



7961 ABW ‘H-QN ®9T30N 91

T:

=\

3.12

Maximum Continuous Move oprinkler Application Rates

For bare ground or crops with very limited soil cover use 2/3 of the maximum application value,

Net Slope (Surface| Soil Soil Groups for Irrigation
Applic| Group (Storage|Intake| 1L A,B,C III A,B,C,D IV A,B, V A,B VII A,B VIII A,B IX X
Amt, & VI A B,C
Min. Max. Min. Max. Min. Max. Min. Max. Min., Max. Min. Max.
Applic |Applic{Applic|Applic | Applic Applic| Applic{Applic] Applic Applic Applic|Applic
Time Rate Time Rate Time Rate Time Rate Time Rate Time Rate
inches [percent |inches |inches| min. [in/hr | min. {in/hr min in/hr min_Jin/he | wmin  lin/br | wmin  |in/hr
0.5 0-1 0.5 0 6 10.0 6 10.0 6 10.0 6 10.0 6 10.0 6 10.0
0.5 1-3 0.3 0.2 7 8.0 6 10.0 6 10.0 6 10.0 6 10.0 6 10.0
0.5 3-5 0.1 0.4 9 6.5 6 10.0 6 10.0 6 10.0 6 10.0 6 10.0
0.5 >5 0 0.5 13 4.0 10 6.0 6 10.0 10.0 6 10.0 6 10.0
1.0 0-1 0.5 0.5 14 8.0 11 10.0 11 10.0 11 10.0 11 10.0 11 10.0
1.0 1-3 0.3 0.7 30 4.0 21 5.5 11 10.0 11 10.0 11 10.0 11 10.0
1.0 3-5 0.1 0.9 55 2.0 33 3.5 17 7.0 14 8.0 11 10.0 11 10.0
1.0 >5 0 1.0 64 1.5 38 3.0 19 6.0 17 7.0 14 8.0 11 10.0
1.5 0-1 0.5 1.0 64 2.5 38 4.5 21 8.0 17 10.0 17 10.0 17 10.0
1.5 1-3 0.3 1.2 80 2.0 60 3.0 30 5.5 21 8.0 17 10.0 17 10.0
1.5 3-5 0.1 1.4 140 1.5 75 2.5 35 4.5 25 7.0 21 8.0 17 10.0
1.5 >5 0 1.5 162 1.0 80 2.0 42 4.0 30 5.5 25 7.0 17 10.0

Maximum application rate is 1.5 times the average application rate.

The minimum application times were based on accumulated intake vs time curve

soils within the irrigation soil groups.

s which represent the intake range of

Maximum application rate was limited to the highest calculated rate for a 1300 ft.

capacity and a 20 ft. throw diameter.

system with a 0.40 in/day
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TABLE 5.13
Center Pivot Water Supply Nomograph

WATER SUPPLY
(GALLONS PER MINUTE)
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RADIUS OF WETTED CIRCLE FOR CIRCULAR SYSTEM

(FEET)

The nomograph above, designed by the Cooperative Extension Service of Oklahoma
State University, can be used to calculate water supply requirements for
self-propelled, center pivot sprinkler systems. Its use is explained by the
following examples:

Example 1:

Given: Water supply, 800 gpm; plant water use rate, 0.28" per day; water
application efficiency, 60%. What is the radius of the circle that this system

will adequately irrigate?

Solution: Locate 0.28" on the "Water Use Rate" scale and 60 on the application
efficiency scale. Connect the two points by using a straightedge and note the
point of intersection on the solid diagonal line. Locate 800 gpm on the upper
scale labeled "Water Supply'"; connect this point with the point located on the
diagonal line and project this line to the lower scale labeled "Radius of Wetted
Circle." This point reads slightly more than 1,100' - the maximum radius of the
wetted circle that 800 gpm will properly irrigate.

Example 2:
Given: Desired radius of wetted circle, 1,320'; water use rate 0.20" per day;
application efficiency, 60%. What is the required water supply?

Solution: Locate 1320 on the lower scale, then draw a line from this point
through the intersection point on the diagonal and extend it on to the upper
scale labeled "Water Supply.”" The point on the upper scale is near 800 gpm.

A water supply of 800 gpm is required to adequately irrigate a circle this size
under the given conditions. It is obvious that an increase in water application
efficiency will reduce the total water requirements.
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TABLE 5.14

TTME BEQUIRED TO APPLY 1" GROSS APPLICATION
23D GRCSS CAPACITY OF CENTER PIVOT SYSTEMS

Total Area* Eours Per 1" Application (Col. 1)

iizgiil %22:22% Gross Capacity in in./day (Col. 2)
V 220 £.p.m. 60C £.p.0. 800 g.p.m. 1000 g.p.m. | 1200 g.o.m.
s/ in./ | bwrs/ in./| ars/ in./|hrs/  In./{ brs/ in./
in day in. davy in. day in. day in. day
600 26 29.2 .82 19.5 1.23] 14.6  1.65| 11.7 C2.06 9.8 2.44
€50 30.5 34 .4 .70 23.0 1.04) 17.2 1.4 (13.7 1.75|11.4 2.10
700 35.3 39.7 .62 26.4 .91} 19.8 1.2 [15.9 1.51} 13.2 1.82
750 40.6 | 42.5 .52 30.4 .79 22.9 1.05(118.2 1.32]15.2 1.58
800 46.2 52.0 46 34.6 .69] 26.0 .92 20.8 1.15]17.3 1.39
900 58.4 €6.1 .36 44.0 .54 32.8 .73126.3 911 21,9 1.09
950 65.0 | 73.0 33 48.7 .49) 36.6 .65]29.3 .82 24.3 .99
1000 72.2 | 81.2 29 54.2 441 40.6 591 32.5 74 2701 .89
1050 79.5 g9.2 27 59.5 .Zo 44,8 .53 35.8 .67 29.8 .81
1100 87.4 | 958.3 .24 65.5 L3701 49.2 491 39.4 .61 32.8 .73
1150 95.3 1107 .22 7.5 .331 53.6 451 42.9 .56 35.7 .67
1200 104.0 117 .20 78.0 .31] 58.5 41| 46.8 511 39.0 .61
1250 112.6 (126 19 84 .29! 63.4 .38 50.7 AT 42,2 .57
1300 121.9 137 .17 91.5 .26| €8.6 .35] 54.9 b} 4506 .52
1350 131.4 {148 .16 98.6 .25 73.9 .331 £9.1 411 49.3 .49
1400 141.3 |159 15 {106 .23 79.5 .30 | 63.6 .3853.0 45
1450 151.6 {170 14 1113 .21 85.5 .28 68.3 .35 56.7 42
1500 162.3 182 .13 (122 L2071 91.2 .26173.0 .33160.7 .40
1550 173.2 1194 12 1130 .18} 97.5 .25178.0 .31 ] 65.0 .37
1600 184.7 (205 A1 1138 71104 .23 83.0 .29 1 69.2 .35

XWithout gun sprinkler. For added area covered by a gun sprinkler, see Table 5.15,
page 5-31.
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TABLE 5.15

CENTER-PIVOT IRRIGATION SYSTEMS

P Area Covered in Acres

% of water Total area of

applied in square f{ield Without With gun 3/ With gun
last 100’ twice lengin end sprinkler sprinkler used
of system gun used only on entire circle
1/ (in acres) in corners 3/
30.6 600 33.1 26.0 30.8 25.3
28.4 650 38.8 30.5 36.0 40.6
26.5 7C0 45.0 35.3 41.3 46.1
24.8 750 51.8 40.% 47.2 52.1
23.4 8C0 58.8 46.1 53.2 58.4
22.1 850 66.3 52.1 59.8 65.0
21.0 900 74.5 58.4 66.7 72.2
20.0 25C 82.9 65.0 7.0 79.5
19.0 1000 91.8 72.2 81.7 87.4
18.1 1050 - 101.3 79.5 89.5 95.3
17.3 1100 111.0 87.4 38.0 104.0
16.6 1150 121.3 95.3 106.6 112.6
16.0 1200 132.2 104.0 115.7 121.9
15.4 1250 143.3 112.6 123.8 131.4
14.8 13C0 155.0 121.9 134.0 141.3
4.3 1356 167.3 131.4 145.0 151.5%
13.8 1400 179.8 141.3 155.2 162.0
13.3 1450 193.0 151.6 166.5 173.2
12.9 1500 206.0 162.0 177.7 184 .7

1/ Less volume of end gun when used.
2/ Generally ouiside drive wheel approximately 50' from end.
3/ Based on 100' gun coverage.

EXAMPLE: System is 900' long. Then 21% of water is applied in last 100';
€6.7 acres are covered with gun used in corners only.
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B. Continuous Move Volume Gun Sprinklers

As the name suggests, hese sprinklers move as they apply the irrigation
water. They irrigate by seis which are normally no more than 1,320 feet

in length with travel lzne widths equal to some percentage of the sprinkler's
diameter of throw. hey should be designed to apply an adequate irrigation
while moving over tha set in a convenient itime period. Wind distortion,
puddling, and runoff ars the major disadvantages of these sprinklers. To
reduce these effects, proper lane spacing, trajectory angle and operating
pressure must be determined for the wind and soil conditions.

[ B ([) -

'3

The following procedure can be used to check a system:

(1) Determine the sysiem capacity required.

esign period consumptive use (in./day)

Required gross cepacity (in./day) = System officioncy

Where: The design veriod consumptive use 1s selected from Tables 3.3

on Pages 3-22 through 3-24 for the crop, proper climatic
area and net irrigation selected on the basis of Irrigation
Group. The system efficiency is selected from Table 5.11 on

Page 5-27. Convert the gross capacity in in./day to a sprinkler
rate in gzllons per minute.

Sprinkler rate (g.p.m.) = Gross capacity (in./day) X acres X 18.9

(2) Determine the meximum application rate (in./hr.) for the Irrigation
Group, slope and selected net irrigation application from Table 5.12
on Page 5-28.

(3) Determine the sys:iem design limits. Divide the maximum application rate
by 1.5 to arrive at the average application rate (in./hr.). Using
Table 5.16 on Page 5-33, select a nozzle size and trajectory compatible
with the average aDDllca ion rate and wind conditions. With the nozzle
size and sprinkler rate, select from Tables 5.17 or 5.18 on Pages 5-34
and 5-35 the operating pressure and sprinkler diameter. Select a travel
lane spacing for the design wind condition and sprinkler diameter with
Table 5.20 on Page 5-36.

Using the sprinkler rate and lane spacing from Table 5.21 or the formula
shown on Page 5-37, select a travel speed that most nearly fits the
gross application depth of water desired. An operation system can then
be selected using Tzble 5.19 on Page 5-36 and minor adjustments made in
lane spacing to it the set itime selecied.
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AVERAGE APPLICATICON RATES OF
LARGE FULL CIRCLE SPRINKLERS 1/

Ring Nozzles Taper Bore Nozzles
Nozzle |[Trajectory| Appl. Nozzle | Trajectory Appl.
Size Angle Rate Size Angle . Rate
In. Degrees |In./Hr. In. Degrees In./Hr.
27 0.30 27 0.28
1 1/4 51 033 1.05 21 0.31
27 0.33 27 0.32
13/8 21 0.37 1.2 21 0.35
27 0.36 27 0.34
11/2 1.3 -
21 0.39 21 0.375
27 0.38 27 0.35
15/8 1.4
21 0.42 21 0.40
27 0.40 27 0.37
1 3/4 : 1.5
21 0.44 21 0.41
27 0.43 27 0.38
8 1.6
L ¥ 21 0.47 21 0.43
0.47 27 .
9 27 1.75 0.41
21 0.52 21 0.46

Note:

Formula: Appiication Rate

In./Hr.

110.0 x Sprinkler GPM
Area of Wetted Circle, Sq. Ft.

The application rate of Big Gun Sprinklers is independent of
operating pressure when within the range in Tables 5.17 and

5.18.

1/ Maximum application rate is approximately 1.5 times the average
application rate.
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TABLE 5,17

PERFORMANCE OF NELSON MODEL 200

Ring Nozzle Size, Inches
1 1/4 1 3/8 1 1/2 1 5/8 1 3/4 17/8 2
bia.Ft, Dia.rt, Dia.Ft. Dia.Ft. Dia,Ft. Dia.lt. Dia.Ft,
p.5.74 6mi|27”121° {orn27°121° | om27° 1% | ornef27” 21 |omef27°]21° | omi|27° 1210 | conlza® 121°
80 | 2901370352 | 380 (400|380 | 6451420{399 | 515|440 [418 590 [455[432 | eme |eee|ooe | aoclooloo.
90 | 31013801361 | 405 415|394 | 4754351413 | 5451455432 | 625 (470|447 | 715 1485|461 | 855|505 480
100 | 3251390371 | 425 /425|404 | 500|445]623 | 575|465 [442 | 660 (480456 | 755 (500475 | 9001520494
110 | 3401400380 | 44514351413 | 5251455{432 | 605|475 451 |695 (490|466 | 790 |510(485 | 945!535|508
120 | 35514101390 | 465(445(423 | 545(4651442 | 630|485 (461 |7251500]475 | 82515201494 | 985]|545(518
130 | 3701415)394 ] 485(450{428 | 565 (470|447 | 655 (490|466 |755 (505|480 | 860 |525]499 |1025(550(523
Taper Dore Nozzle Size, Inches

1.05 1.2 1.3 1.4 1.5 1.6 1.75
80 | 290|380(361 | 380{410{390 | 445{4301409 | 515{450(428 159014701447 | coclocalaee | ol lo.
90 | 3101390|371 | 405425404 | 4751445(423 | 545|465 |442 | 625 (4850461 | 715 (505|480 855|535(508
100 | 325|400/ 380 | 425|440|418 | 500(460(437 | 575|480(455 | 660|500]475 | 7551520494 | 900!550! 523
110 | 3401410|390 | 445|450 (428 | 525|470|447 | 605(495(470 | 695|515 489 | 790 535/508 | 945{565|537
120 | 35514201399 | 465|460 |437 | 545|480|456 | 630|505 |480 | 725 (530|504 | 825 5501523 | 985!580 551
130 | 37014251404 | 4851465 |442 | 565 |485(461 | 655(515(489 | 755 |540| 513 | 860 (560|532 10251590561
/ ~~
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PERFORMANCE OF 10LC/105C RAIN GUNS--23° TRAJECTORY

TABLE 5,18

Ring Orifice, Size, Inches

Elbow 870" . 990" 1.000" 1.201n 1.293¢ 1,380" 1.L50"
PSI GPM_ Dia, GPM_Dia, GPM Dia. GPM Dia. GPM _Dia. GPM Dia. CI’M Dia.
- 60 110 264 | 142 284 | 185 300 | 226 318 | 275 335 | 324 352| 385 365

70 118 275 | 154 295 | 200 314 23 332 | 295 350 | 353 367 | L18 383

80 127 285 | 16L, 306 | 213 326 263 345 | 315 36h | 374 3831 LL7 398

90 136 295 | 175 315 | 227 337 | 276 358 | 336 378 Loo 396 | L75 LY

100 142 305 | 185 326 238 348 | 290 311§ 352 390 | Le2 09 { 500 )25

110 150 315| 195 335 250 357 | 305 382 | 372 )02 Ll h21| s2s 438

120 157 322 | 202 344 | 259 366 323 392 | 392 |12 L65 431 | 550 L50
o Straight Bore, Size, Inches

Elbow . 690" . 790" . 890" . 990" 1.090" 1.190" 1,290"

PSI GPM  Dia | gpM Dia, GPM Dia. GPM_ Dia. | GPM Dia. GPM  Dia. GPM_Dia,
60 110 269 | 142 292 | 185 313 | 226 329 | 275 348 | 331 366 390 385
70 118 281 | 154 304 | 199 324 2b5 347 | 295 363 | 384 381 118 Loo
80 127 291 | 164 316 | 21 336 | 263 35T | 315 375 | 374 395 LWaT 1y
90 136 300 | 177 325 | 227 347 276 367 | 336 390 | LoO 110 L75 27

100 12 310 | 185 334 | 235 357 290 3771 352  }00 22 420 | 500 L0

110 150 320 | 195 3)2 249 365 | 305 386 | 372 L0 Wy 430 | s25 4,50

120 157 330 | 202 351 | 262 375 323 395 392 L2o | 465 Lo 550 160
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TABLE 5,19

TRAVEL SPEED IN FT./MIN.

Travel Length Per Set in Feet

Operation Set Time 500 600 700 800 900 1000 1100 1200 1300
/i sets/day 5 hr. + 1 hr, for move 1.7 2.0 2.3 2.7 3.0 3.3 3.7 4.0 4.3
3 sets/day 7 hr., + 1 hr., for nmove 1.2 1.4 1.7 1.9 2.1 2.4 2.6 2.9 3.1
2 sels/day 11 hr. + 1 hr. for move 0.8 0.9 1.1 1.2 1.4 1.5 1.7 1.8 2.0
1 sel/day 23 hr., + 1 hr. for move —— —— 0.5 0.6 0.7 0.7 0.8 0.9 1.0

TABLE 5.20

TRAVEL LANE SPACING IN FEET

LLET Isquetdag ‘T-aN 991

Sprinkler Wetled Percent of Welted Diameter

Diameter 50 55 60 65 70 75 80
(feet ) Wind over 10 mph Wind up to 10 mph Wind up to 5 mph No wind
200 100 110 120 130 140 150 160
250 125 137 150 162 175 187 200
300 150 165 180 195 210 225 240
350 | 175 192 210 227 245 262 280
400 200 220 240 260 280 300 320
450 225 248 270 292 315 338 360
500 250 275 300 325 350 375 400
550 275 302 330 358 385 412 440
600 300 330 360 390 420 _— —




TABLE 5.21

DEPTH OF WATER APPLIED BY

TRAVELING SPRINKLERS (INCHES)

Average *Spacing
Wetted of Travel
Sprinkler Diamete Lane Travel Speed (Feet per Minute)
(GPM) (Feet) (Feet ) 0.5 1 2 Z
100 260 140 min. 2.3 1.1 0.6 0.3
190 max. 1.7 0.8 0.4 0.2
200 320 170 min. 3.8 1.9 0.9 0.5
240 max. 2.7 1.3 0.7 0.3
300 370 200 min. 4.8 2.4 1.2 0.6
270 max. 3.6 1.8 0.9 0.4
400 410 220 min. 5.8 2.9 1.5 0.7
310 max. 4,1 2.1 1.0 0.5
500 440 240 min. 6.7 3.3 1.7 0.8
330 max. 4.8 2.4 1.2 0.6
600 470 260 min. 7.4 3.7 1.8 0.9
350 max. 5.5 2.7 1.4 0.7
700 500 270 min. 8.3 4.1 2.1 1.0
370 max. 6.1 3.0 1.5 0.8
800 520 280 min. 9.1 4.6 2.3 1.1
390 max. 6.6 3.3 1.6 0.8
900 530 290 min. 9.9 5.0 2.5 1.2
400 max. 7.2 3.6 1.8 0.9
1000 540 300 min. 10.7 5.3 2.7 1.3
400 max. 8.0 4.0 2.0 1.0
Formula: Average depth applied in inches = 1.6 % Sprinkler GPM

Lane spacing ft. x travel speed ft./min.

*Minimum travel lane based on 55% of wetied diameter and maximum travel

based on 75% of we

d diameter.
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Pressure Loss in Pounds Per Square Inch
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TABLE 5.22

FLEXTBLE IRRIGATION HOSE
PRESSURE 1L0OSS PER 100 FEET OF LENGTH
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